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Abstract. The rapidly rotating primary component of Regulus A system has been ob-
served, for the first time, using the technique of differential interferometry at high spec-
tral resolution. The observations have been performed across the Brγ spectral line with
the VLTI/AMBER focal instrument in high spectral resolution mode (R ≈ 12 000) at
≈ 80 − 130m (projected on the sky) Auxiliary Telescopes triplet baseline configurations.
We confirm, within the uncertainties, the results previously obtained using the techniques of
classical long-baseline interferometry, although the question of anomalous gravity darkening
remains open for the future study.
1. INTRODUCTION
Located at a distance of 23.76 ± 0.04 pc (van Belle & von Braun 2009), α Leo is
a multiple stellar system composed of at least two binaries. The A component of
the system (α Leo A, HD 87901) has been recently discovered to be a spectroscopic
binary where the fainter companion is probably a white dwarf or a M4 V star of
mass ≈ 0.3M and an orbital period of 40.11 days (Gies et al. 2008) . The brighter
companion (hereafter Regulus) was classified as a main sequence B7V star by Johnson
& Morgan (1953), and more recently as a sub-geant B8IV star by Gray et al. (2003)
of mass ≈ 4 M (Che et al. 2011, and references therein).
It is well known (by observing even with an amateur telescope) that α Leo A has
another companion which is in fact a system of two other components (B and C) which
together form a binary system (McAlister et al. 2005). This B-C subsystem is located
≈ 3′ from the A component. The B component (α Leo B; HD 87884) is a ∼ 0.8 M
star of spectral type K2 V, while the C component is a very faint M4 V star with a
mass of ∼ 0.2 M. The Washington Double Star Catalog (Mason et al. 2001) lists a D
component, also having a common proper motion with the system and a separation
of ≈ 3.6′ from the A component. At such separations the B-C subsystem and D
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component have never directly interacted with Regulus, but the fainter component
of the α Leo A subsystem influences profoundly its evolution through mass exchange
between two stars (Rappaport, Podsiadlowski, & Horev 2009). Considering a scenario
where the initial masses of the progenitors of fainter component and Regulus are 2.3
±0.2 M and 1.7 ± 0.2 M respectively, they infer the age of the system which
exceeds 1 Gyr. They also consider a possibility that the mass transfer is the cause of
the current rapid rotation of Regulus.
Regulus has been identified as a fast rotator by Slettebak (1954), who determined
spectroscopically its high rotational velocity Veq sin i = 352 ± 8 km/s. The first
interferometric observations of the star weredone with the Narrabri Intensity Inter-
ferometer by Hanbury Brown et al. (1974), but only the information about its size
could be obtained. They derived the equatorial angular diameter 1.32 ± 0.06 mas.
Such a diamater, together with the high apparent brightness of Regulus made it a very
good interferometric target allowing to reveal its extremely oblate shape (McAlister
et al. 2005), and to confirm the spectacular discovery of the extremely oblateness of
Achernar (Domiciano et al. 2003). A very important consequence of stellar oblateness
is the associated gravity darkening (von Zeipel 1924a,b) which implies a variation of
associated effective temperature over the stellar surface. For Regulus McAlister et
al. (2005) determined a difference of ∼ 5000 K between the poles and the equator,
a finding which has been confirmed by Che et al. (2011). Such a large difference
in associated effective surface temperatures make the spectral classification quite a
challenging task, and should be taken into account in the modeling of observations as
well as in theoretical analysis concerning the evolutionary status of the entire binary
system.
By the other hand Regulus is very challenging object for investigation because of
its almost equator-on orientation which makes the situation where the minimization
procedures can produce the degenerated solutions. For this reason we observed the
star, for the first time, with the VLTI/AMBER instrument which provides the dif-
ferential interferometry data, in order to check the results previously published using
the classical interferometry instruments.
2. OBSERVATIONS
Regulus was observed with the AMBER an interferometric near infrared focal instru-
ment for the Very Large Telescope Interferometer (VLTI), using the Auxiliary Tele-
scopes (AT). The observations have been performed in the high spectral resolution
mode of AMBER (≈ 12000), centered on the Brγ spectral line. The corresponding u, v
(Fourier space) coverage is shown in Fig.1, while the Table 1 provides our observing
log.
The interferometric fringes were stabilized using a fringe tracker FINITO (Me´rand
et al. 2012). The instrument AMBER provides both the intensity spectrum and the
relative phase of the interferometric signal, and it is described in detail by Petrov et
al. (2007), Robbe-Dubois et al. (2007) and in references therein.
Thye intensity spectrum is the zero order moment of the sky brightness distri-
bution while the photocenter shift spectrum is the first order moment of the sky
brightness distribution (Jankov et al. 2001, and references therein). It is a vectorial
function and can be evaluated measuring the relative phase of the interferometric
signal along a spectral line with respect to the continuum. In order to study the
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Figure 1: (u,v) coverage of VLTI/AMBER observations of Regulus; spanned over
1.5 h/night. Note the rather poor sampling of the Fourier space. According to the
Table 1, the (u, v) points for the date 2014-03-10 are represented by circles and by
crosses for the date 2014-03-12.
physics of a star the photocenter shift measurements should be evaluated in the co-
ordinate system related to the stellar rotational axis (eq & p), equatorial and polar
components respectively.
However, a priori only the components related to the celestial coordinate system
(α & α) can be evaluated. Figure 2. shows these components as observed in our
observing run.
In order to evaluate the components related to the stellar rotational axis, the
position angle of the axis (PArot) should be determined. It can be done in the global
procedure for determination of stellar parameters as well as independently based on
the method described by Petrov & Lagarde (1992), as shown in the Fig. 3. Then the
equatorial and polar components of the photocenter shift (see Fig. 4) can be obtained
by simple rotation of the coordinate system. The Fig 5. shows the 3D representation
of the observed photocenter shift components of Regulus.
3. RESULTS
To interpret the observations, we use the semi-analytical model for fast rotators: Sim-
ulation Code of Interferometric observations for ROtators and CirCumstellar Objects
(SCIROCCO). This code written in Matlab, allows to compute monochromatic in-
tensity maps of uniformly rotating, flattened, and gravity darkened stars using the
semi-analytical approach. The code SCIROCCO, which is a parametric description
of the velocity field and the intensity map for line profile modelisation, is described
3
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Object Date and time Baseline (m) Baseline PA (o)
60 Cnc 2014-03-10T03:09 75,81,128 103,34,67
Regulus 2014-03-10T03:48 78,77,125 104,32,68
w Cen 2014-03-10T04:30 73,87,129 88,14,47
w Cen 2014-03-10T04:44 74,87,129 90,16,50
 Cma 2014-03-12T02:15 75,87,116 124,36,76
Regulus 2014-03-12T03:59 76,79,127 104,33,68
w Cen 2014-03-12T04:45 75,87,129 92,17,51
ι Cen 2014-03-12T07:17 80,88,126 113,30,69
Table 1: VLTI/AMBER observations of Regulus and its calibration stars using the
AT triplet A1-G1-K0.
Figure 2: The spectra of perpendicular photocenter components α & δ
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Figure 3: The position angle of the rotational axis from observed photocenter shifts
Figure 4: The spectra perpendicular photocenter components eq & p
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Figure 5: Observed photocenter shifts of Regulus
in detail in Hadjara et al. (2014); Hadjara (2015).
In order to deduce the best parameters we perform a χ2 minimization, and the
corresponding modeled photocenter shifts are shown in the Fig. 6. To check whether
the correct global minimum is achieved, in addition to the non-stochastic χ2 mini-
mization method, we use a stochastic Markov Chain Monte Carlo (MCMC) method
as well. The results are summarized and compared to the previously published results
in the Table 2.
We complete our study by examining the coupling of gravity darkening coefficient
and inclination (β, i). We deduce the probability space that shows the degeneracy of
corresponding stellar parameters in the Fig. 7, where we superimposed the Regulus
probability space (β, i) of Che et al. (2011) to ours. We can observe a strong de-
χ2 MCMC Mc Alister et al. (2005) Che et al. (2011)
Req [R] 4.2± 0.1 4.2± 0.3 4.16± 0.08 4.21+0.07−0.06
Veq sin i [km/s] 350± 15 360± 30 317+3−85 340+20−30
PArot [o] 251± 4 253± 2 266± 3 258+2−1
i 86± 2 86± 10 90+0−15 86+1−2
Teq [K] 10600± 600 10600± 800 10300± 1000 11000+400−500
Tp [K] 144000± 800 14400± 1100 154000± 1400 14500+600−700
Table 2: The parameters deduced with χ2 & MCMC minimization as well as previ-
ously published data
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Figure 6: Modeled photocenter shifts of Regulus
generation between the couple. This figure shows a strongly enlarged contour of the
probability, implying an important correlation between β and i, which means that we
must not rely only on the χ2 minima. This subject has beeen studied in more details
by Hadjara et al. (2017).
4. CONCLUSIONS
Using, for the first time, the approach of spectrally resolved differential interferometry
we confirm the results previously obtained for Regulus by long-baseline interferometry
(McAlister et al. 2005; Che et al. 2011). However we note that the results obtained
for the gravity darkening coefficient should be considered with a great caution which
makes this subject open for the future study.
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